ABSTRACT Multi-color photometric data of GN Boo observed from 2010 to 2013 are presented. The intrinsic variations of the light curves are remarkable, and their phenomena are probable evidence of stronger magnetic activities on the surfaces of the components. Based on all CCD times of minimum light, a secular increase superimposed on a cyclic oscillation is found. The orbital period increases at a rate of dP/dt = +1.74 × 10 −7 days yr −1 , which can be explained by mass transfer from the less massive component to the more massive one. The period and amplitude of the cyclic variation are P = 9.5632 yr and A = 0.0046 days, respectively, which correspond to the previous published results. Using the 2010 version of the W-D code, five sets of photometric solutions were derived from our new data. The results imply that the stellar spot, the degree of fill-out, and the temperature difference ΔT between the components of GN Boo are variable. It is inferred that the magnetic activities perhaps influence the outer radius of the component, causing the temperature of the component star and the level of contact to change.
INTRODUCTION
Many additional studies on stellar spots are presented by Li et al. (2014) , Liu et al. (2012) , Qian et al. (2012 Qian et al. ( , 2014 , Yang et al. (2013b) , Wang et al. (2014) , Zhang et al. (2014a Zhang et al. ( , 2014b , and Samec et al. (2015) based on the distortions of the light curves in close binaries. Holzwarth & Schüssler (2002) pointed out that the starspotpreferred longitudes can be explained by tidal effects on the dynamics of magnetic flux tubes, which are thought to give rise to starspots as they emerge on the stellar surface. The variations in the spot radius may be caused by starspot evolution (Zhang et al. 2014b) . Fromobservations with the Chinese Small Telescope ARray in Antractica, Qian et al. (2014) obtained that the lifetime of a dark spot is close to 116days. The components in W UMa-type binariesshare a common convective envelope (CCE), which lies between the inner and outer critical Roche-lobe surfaces. In general, their light curves are typical EWtypes, where there is a very small difference in light variabilitybetween the depths of the two minima. However, the light curves of many contact systems whose corresponding magnetic activities have been investigated, such as EQ Tau , CW Cas , and DZ Psc (Yang et al. 2013b) , are variable. Unfortunately, the properties of magnetic activities and CCE are not well understood. Dothe magnetic activities have an effect on CCE or stellar evolution of the component? In order to have a better understanding, it is necessary to monitorlate-type stars using multi-color photometry and spectroscopy.
GN Boo (=GSC 2022-0079) was discovered by the Robotic Optical Transient Search Experiment (ROTSE-I) from the allsky surveys for variable stars (Akerlof et al. 2000) . Blattler & Diethelm (2001) presented a new ephemeris of MinI = 2451996.4139+0.301601 × E, which was derived from their one light curve without a filter. About 750 observations in theVR c band had been obtained by Sanders et al. (2005) , whose curves with total eclipses were used to determine its period of 0.3016027 days. They also concluded that GN Boo is a W-type contact binary with a mass ratio of q = 0.33, a fill-out of f = 21%, a temperature difference of ΔT = 360 K between the two components, and a dark spot on the more massive component. Later, Yang et al. (2013a) pointed out that the O'Connell effect in previously published data might disappear in their symmetric light curves, and that GN Boo is a marginal-contact binary with the overcontact degree of f = 5.8 ± 0.1%. The cyclic variations in theO-C diagram are probably attributed to the magnetic activity or light-time effect of the third body.
To investigate the variations in the light curve and orbital period for GN Boo, we have monitored it for four consecutive years. From our observations, the distortions in the light curves are remarkable, especially in the depthat eclipse. Our new light curves are analyzedusing the Wilson-Devinney code,version 2010. Finally, we discuss the magnetic activities and CCE in detail.
OBSERVATIONS
Photometric observations of GN Boo were carried out from 2010 April to 2013 May with the85 and 60 cm telescopes at the XingLong station (XLs) of the National Astronomical Observatories of the Chinese Academy of Sciences, and the 60 cm telescope at the Yunnan Observatories (YNO). These telescopes were equipped with the standard Johnson-CousinBessel BVR c I c filters. All CCD observed images were reduced with aperture photometry of the DAOPHOT package inIRAF. The coordinates of the comparison star (C) and the check star (CH) are listed in Table 1 . The mean photometric error for individual observations is less than 0.01 mag.
With the linear ephemeris equation (Yang et al. 2013a ), Figure 2 . As shown in Figures 1 and 2 , the depth difference between the primary eclipse and the secondary oneincreased with time. Using a parabolic fitting method, we calculated the differential magnitudes at extreme light, and thesemagnitudes are listed in Table 2 . The heights of maximum light are unequal on 2010 May 20and 2011 May 5, whichproves the presence of the O'Connell effect. Combinedwith the R c -band light curve taken from Yang et al. (2013a) , we compared these light curves of GN Boo in Figure 3 , where the differential magnitudes at the primary were adjusted to be −1.25 mag. In the left panel of Figure 3 , the variations occur before the secondary eclipse, whereas the outlines after that are stable. Our light curves observed in 2013 are similar to thosein 2012, butthe shapes of the light curves in 2012 and 2013 are different from previous observations (2010 and 2011). These phenomena are likely to be evidenceof stronger magnetic activities on the surface of at least one component.
From those CCD photometric data, several times of minimum light were determined with a parabolic fitting method. All of the eclipse times are listed in Table 3 .
THE ORBITAL PERIOD VARIATIONS OF GN BOO
After GN Boo was discovered by Akerlof et al. (2000) , some investigators published the photoelectric and CCD eclipse times. Sanders et al. (2005) suggested that its orbital period may be decreasing. Yang et al. (2013a) compiled 17 photoelectric and 45 CCD minimumlighttimes to reveal a cyclic period change (A 3 = 0.0042 days, P 3 = 9.89 yr) superimposed on a linear increase. In this section, we re-analyze the orbital period changes with all CCD times of minimum light (Tables 3  and 4 , and the data from Yang et al. 2013a) .
The O-Cvalues are plotted in the upper panel of Figure  4with the ephemeris Equation (1) given by Yang et al. (2013a) , where only a continuous increase(dashed line) cannot describe the trend of the O-C very well. With the same weight, a nonlinear least-squares fitting yields the following ephemeris, which implies that the orbital period variations include a secular increase and a cyclic oscillation. The quadratic term in Equation (2) suggests that the period of GN Boo mayincrease at a rate of dP/dt = +1.74(44) × 10 −7 days yr −1 . The cyclic oscillation of the orbital period mostly results from the lighttime travel effect of a third body (Liao & Qian 2010) . Theparameters of the third body are taken from Irwin (1952) , andare determined as the periodic amplitude A 3 = 0.0046 (±0.0002) days, the period P 3 = 9.5632(±0.1511) yr, the eccentricity e = 0.24, the time of periastron T = 2451679.5484 (±198.1456), and the longitude of periastron ω = 259
• . 2291 (±21.8852) for GN Boo. The overall trend of a cyclic variation andcontinuous increase is shown with a solid line in the upper panel of Figure 4 . The solid line in the middle panel represents the oscillation with an amplitude of 0.0046 days and a period of 9.5632 yr, which are close to the results given by Yang et al. (2013a) . The corresponding residuals with respect to Equation (2) are graphed in the bottom panel of Figure 4 . Similar period changes have been found in some contact binaries, such asER Cep (Liu et al. 2011) , FU Dra (Liu et al. 2012) , AA UMa (Lee et al. 2011) , and DZ Psc (Yang et al. 2013b ). Therefore, thesekinds of period variations for GN Boo may be reliable.
PHOTOMETRIC SOLUTIONS WITH THE W-D PROGRAM
The photometric solutions were derivedusing the WilsonDevinney program, version 2010 (Wilson & Devinney 1971 Wilson 1979 Wilson , 1990 Wilson , 2008 van Hamme & Wilson 2007 ). This new version does not input limb-darkening coefficients by band. When we choose logarithmic functions (ld = −3), the program itself can automatically calculate them using subroutine LIMDARK, which is based on the limb-darkening tables calculated using the method of van Hamme (1993) .
Before calculating the solutions, we should obtain the temperature of GN Boo. Sanders et al. (2005) assumed the effective temperature of the primary star to be 5750 K. Yang et al. (2013a) proposed the spectral type of this system to be G8V, and the corresponding temperature is 6250 K. However, according to Allen's Astrophysical Quantities (Cox 2000) , the temperature of a starwithG8 spectra in the main sequence is determined to be 5310 K, which is lowerthan that given by previous authors. To confirm its spectral type, low-resolution spectra were obtainedusing the 2.16 m telescope at the XLs of the National Astronomical Observatory on 2012 May 14. The spectroscopic data were reduced with standard packages inIRAF. By comparing the spectra of GN Boo (black line) with that of a G8V standard star (red line) from the Stellar Spectral Flux Library (Pickles 1998) in Figure 5 , we can see that they are similar. Thus, the spectral type of GN Boo is G8V, and the corresponding effective temperature of the primary component is adopted as T 1 = 5310 K (Cox 2000) . Assumed convective outer envelopes for both components, the bolometric albedo coefficients A 1 = A 2 = 0.5 (Ruciński 1969) and the values of the gravity-darkening coefficients g 1 = g 2 = 0.32 (Lucy 1967) are used. Yang et al. (2013a) confirmed that GN Boo is a W-type contact binary. Based on our BVR c I c -band data observed in 2013, the solutions are obtained for a series of mass ratios (q = 1.0 ∼ 5.0). The corresponding mass ratio q versus the squared residuals Σ are plotted in Figure 6 , which is in accordance with the q-Σ diagram in VR c given by Yang et al. (2013a) . Therefore, the photometric mass ratio is reliable, and asuitable mass ratio for GN Boo isq ∼ 3.5. In Figure 3 , our R c -band light curve observed with the 60 cm telescope is similar to that with the 85 cm telescope in 2012 and 2013. All of ourlight curves are divided into five groups, which wereobtained on 2010 April 23, 2010 May 20, and 2011 May 05and in2012and 2013, respectively. Meanwhile, late-type components exhibit muchstronger magnetic activity because of deep convection and fast rotation. Sanders et al. (2005) obtained a dark spot on the more massive component of GN Boo. As shown in Figure 3 , the variations and asymmetries of light curves are possibly due to stellar spots on the surfaces of the components, and so we employed spots in our modeling. Five sets of photometric solutions with spots are listed in Table 5 , where the parameters of thespots hint that the stellar spot on the primary component varies with time. The theoretical light curves (solid lines) from the Light Curvepro-gram(LC) of the Wilson-Devinney code are plotted in Figure 7 . 
DISCUSSIONS AND CONCLUSIONS
The O-C diagram of GN Boo shows its orbital period changes as a secular increase superimposed on a cyclic oscillation. The quadratic trend of the O-C 1 reveals that the orbital period is increasing continuously at a rate of dP/ dt = +1.74(44) × 10 −7 days yr −1 . With the following wellknown equation, 6 yr. Thermal mass transfer from the less massive component to the more massive one can explain the secular increase of the orbital period. The cyclic oscillation (A 3 = 0.0046 days, P 3 = 9.5632 yr) is close to that reported by Yang et al. (2013a) . Based ontheir discussions, it mayarise from the light-time effect of the third body or the magnetic activities of the components.
In order to understand the variations in the light curves, five sets of the adjustable parameters (i, T, Ω, q, L, l 3 , and spots) were derived using the Wilson-Devinney program. Depending on these solutions, we discuss the nature of the variations in two main aspects.
Extrinsic Variability of Binary System
The extrinsic variability of close binariesresults from purely geometrical effects (rotation, orbital motion, and an additional body), whereas the brightness of the component itself is constant. In the photometric solutions, the extrinsic parameters listed in Table 5 are the inclinationi and third light l 3 . The inclination on 2010 April 23was 82
• . 26, less than the others. Does the variable inclination cause the variations in the light curves? To find out, we plot all R c -band differential magnitudes at extreme light in Figure 8 . It is seen that the depth at primary eclipse varies non-monotonically with that at secondary eclipse. When the primary eclipses become brighter, the secondary ones will be fainter. However, the orbital inclination should result in a synchronous increaseor decrease inthe global luminosity. On the other hand, the third light, like the orbital inclination, can decrease the brightness of both eclipse simultaneouslybecause the addition of a constant to a positive functiondiminishes its "fractional" or "percent" variation (Kallrath & Milone 2009) .
Therefore, the inclinations and third light are not enough to cause the distortions in the light curves from 2010 to2013.
Intrinsic Activities of the Component
The light curves of some contact binaries, e.g., AD Cnc (Qian et al. 2007 ), CK Boo (Yang et al. 2012) , DZ Psc (Yang et al. 2013b) , EQ Tau , and CW Cas , are variable ontimescales of years, months, ordays. These phenomena are evidenceof starspot activities of the components. Sanders et al. (2005) modeled his asymmetric light curves and obtained a dark spot on the more massive component of GN Boo. In Table 5 , we can see that the location, radius, and temperature of the spot on the surface of the primary component change with time, and the stellar spots are only on the less massive one. It is inferred that the variations in the light curves ofGN Boo are due to stellar spotactivities. To explore the relations between the magnetic activity (stellar spot) and evolution of contact binaries, some information (differential magnitudes Δm, temperature difference ΔT, and degree of fill-out f) is included in Table 6 . The temperature difference is 629 K (Yang et al. 2013a ) andthe degree of fillout is only 5.8%, while the difference is 57 K in 2010 andthe corresponding contact is 25.7%. It is suggested that the contact with greater ΔT will be at the lowest fill-out, which agrees with the statistical relation between the fill-out and the temperature difference presented by Samec et al. (2011) . The variable degree of the fill-out in such a short timeimplies that it would evolve with a dynamic timescale. 
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